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(54) GALVANIZED HIGH STRENGTH STEEL SHEET HAVING EXCELLENT FORMABILITY AND 
PRODUCTION METHOD THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a galvanized high 
strength steel sheet which has excellent fornnability, and to 
realize a production nnethod therefor on industrial scales. 
SOLUTION: The galvanized high strength steel sheet having ^ ^ 
excellent fornnability has a connposition containing, by nnass, m 
0.01 to 0.30% 0, 0.005 to 0.3% Si, 0.1 to 3.3% Mn, 0.001 to ^ 
0.06% P, 0.001 to 0.01 % S, 0.0005 to 0.01 % N and 0.25 to " ^ 
1.8% Al, and the balance Fe with inevitable impurities, and in o.* 
which the mass% of Si, Mn and Al also satisfies the following 
inequality (A), and has a metallic structure containing ferrite and 
martensite: (0.001 2x[TS target value]-0.29-[Si])/1.45<AI< 1.5-3* 
[Si] (A); wherein, the [IS target value] is the designed strength 
value of the steel sheet in a unit of MPa, and the [Si] is the 
mass% of Si. 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]At mass %, it is C. : 0.01 to 0.30%, Si : [ 0.005 to 0.3%, ] Mn: 0.1 to 3.3%, P : 0.001 to 
0.06%, S : 0.001 to 0.01 %, :0.0005-0.01 %, aluminum : Contain 0.25 to 1 .8%, consist of the remainder 
Fe and an inevitable impurity, and further N Si and mass % of aluminum, A molten zinc plating high 
intensity steel plate excellent in a moldability, wherein an intensity value (TS) of an aim satisfies 
following (A) type and a metal texture contains a ferrite and martensite. 

(0.001 2x [TS target value]-0.29-[Si])/1.45 -- < -- aluminum<1.5-3* [Si] ... (A) - here - [TS target value] 
-- an intensity designed value of a steel plate -- a unit - Mpa and [Si] -- mass [ of Si ] % [Claim 2] 
V:0.01 to 0.1%, Ti:0.01-0.2%, Nb: A molten zinc plating high intensity steel plate excellent in the 
moldability according to claim 1 containing two of one sort or 0.005 to 0.05% of sorts or more. 
[Claim 3]Mo: A molten zinc plating high intensity steel plate excellent in the moldability containing 
0.05 to 0.5% according to claim 1 or 2. 

[Claim 4]Ca : 0.0005 to 0.005%, REM: A molten zinc plating high intensity steel plate excellent in the 
moldability according to claim 1 to 3 containing two of one sort or 0.0005 to 0.005% of sorts. 
[Claim 5]A molten zinc plating high intensity steel plate excellent in the moldability containing 
B:0.0005 to 0.002% according to claim 1 to 4. 

[Claim 6]Are a manufacturing method of the high intensity steel plate according to claim 1 to 5, and it 
heats in a molten zinc plating process in one or more Ac(s) temperature region of 3+100 ** or less of 
Ac(s), A manufacturing method of a molten zinc plating high intensity steel plate which was excellent 
in a moldability cooling to a temperature region 600 ** or less with a cooling rate at 1 **/s or more 
after holding 30 or less minutes 30 seconds or more. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to a molten zinc plating high intensity steel plate excellent 

in the moldability, and a manufacturing method for the same. 

[0002] 

[Description of the Prior Art]ln recent years, the weight saving of the body is further demanded for the 
fuel consumption improvement of a car. Although what is necessary is just to use steel materials with 
high intensity for the weight saving of the body, press forming becomes difficult, so that intensity 
becomes high. This is because the yield stress of steel materials increases and also elongation falls, 
so that the intensity of steel materials generally becomes high. On the other hand, to the 
improvement of elongation, the steel plate (following TRIP steel) using the strain induced 
transformation of retained austenite, etc. are invented, for example, it is indicated by JP,61-157625,A. 
However, a lot of Si addition of the usual TRIP steel board is indispensable, and since the molten zinc 
plating nature of a steel sheet surface gets worse, an applicable member is restricted. In order to 
secure high intensity in retained austenite steel, a lot of C addition is required, and there is a problem 
of welding of a nugget crack etc. 

[0003]Although the invention aiming at Si reduction of retained austenite TRIP steel is indicated by 
JP,2000-345288,A about the molten zinc plating nature of the steel sheet surface. In this invention, 
although improvement in molten zinc plating nature and ductility could be desired, since an 
improvement of the above-mentioned weldability was not able to be expected and also it served as 
very high yield stress in the TRIP steel board of 980 or more MPa of tensile strength, there was a 
problem that the shape freezing nature in the time of a press, etc. got worse. Although the Dual 
Phase steel (henceforth DP steel) which contains a ferrite which is indicated by JP,57-155329,A as 
art of reducing yield stress is known from the former. The molten zinc plating high intensity steel plate 
which has sufficient moldability was not necessarily realized. 
[0004] 

[Problem(s) to be Solved by the lnvention]This invention solves the problem of the above 
conventional technologies, and makes it SUBJECT to realize a molten zinc plating high intensity steel 
plate excellent in the moldability, and a manufacturing method for the same on a scale of industrial. 
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[0005] 

[Means for Solving the Problenn]First, technical thought of this invention is explained. This invention 
persons are nnaking balance of optinnization of a steel connposition, i.e., Si, alunninunn, and Ts into a 
specific range, and adjusting especially aluminum addition, as a result of examining wholeheartedly a 
molten zinc plating high intensity steel plate excellent in a moldability. In DP steel with low yield 
stress, it found out that a molten zinc plating high intensity steel plate which can secure elongation 
more than the former could be manufactured Industrially. Even if molten zinc plating nature was 
raised and it performed alloying plating further by its ductility's improving to such an extent that a steel 
plate of this invention applies just like [ conventional ] remains austenitic steel, and reducing Si, that 
the characteristic deteriorates realized few high intensity steel plates. 5% or less of retained austenite 
contained unescapable was permitted, and it was considered as DP steel which does not contain 
retained austenite substantially so that neither delayed fracture nor a problem of fabricating 
brittleness might arise. 

[0006]Although the high intensity steel plate of this invention can realize tensile strength of 590Mpa to 
1500Mpa, it does a remarkable effect so with a high intensity steel plate of 980 or more Mpa. This 
invention is based on the above technical thought, and makes the contents of the following indicated 
to a claim the gist. 

(1) At mass %, it is C. : 0.01 to 0.30%, Si : [ 0.005 to 0.3%, ] Mn: 0.1 to 3.3%, P : 0.001 to 0.06%, S : 
0.001 to 0.01%, :0.0005-0.01%, aluminum : N Contain 0.25 to 1.8%, A molten zinc plating high 
intensity steel plate excellent in a moldability, wherein it consists of the remainder Fe and an 
inevitable impurity, mass % of Si, Mn, and aluminum satisfies following (A) type further and a metal 
texture contains a ferrite and martensite. 

(0.001 2x [TS target value]-0.29-[Si])/1.45 -- < -- aluminum<1.5-3* [Si] ... (A) - here - [TS target value] 
-- an intensity designed value of a steel plate -- a unit - Mpa and [Si] - mass [ of Si ] % [0007](2) A 
molten zinc plating high intensity steel plate excellent in a moldability given in (1) furthermore 
characterized by containing two of one sort or V:0.01 to 0.1%, Ti:0.01-0.2%, and Nb:0.005-0.05% of 
sorts or more. 

(3) A molten zinc plating high intensity steel plate excellent in a moldability given in (1) furthermore 
characterized by containing Mo:0.05-0.5%, or (2). 

(4) Furthermore, it is Ca. : 0.0005 to 0.005%, REM: Molten zinc plating high intensity steel plate 
excellent in a moldability given in (1) containing two of one sort or 0.0005 to 0.005% of sorts thru/or 
(3). 

[0008](5) A molten zinc plating high intensity steel plate excellent in a moldability given in (1) 
furthermore characterized by containing B:0.0005 to 0.002% thru/or (4). 

Are a manufacturing method of a high intensity steel plate of a statement, and it heats in a molten 
zinc plating process (6), (1) to (5) in one or more Ac(s) temperature region of 3+100 ** or less of Ac 
(s), A manufacturing method of a molten zinc plating high intensity steel plate which was excellent in 
a moldability cooling to a temperature region 600 ** or less with a cooling rate at 1 **/s or more after 
holding 30 or less minutes 30 seconds or more. Acl and Ac3 are values calculated by formula of 
Andrews based on here by ******. A galvanized steel sheet of this invention contains a hot-dip zinc- 
coated steel sheet in which a usual hot-dip zinc-coated steel sheet and alloying treatment were made. 
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[0009] 

[Embodiment of the lnvention]An embodiment of the invention is described in detail below. First, the 
ingredient of the high intensity steel plate of this invention and the reason for limitation of a metal 
texture are explained. C is an indispensable ingredient as a basic element which stabilizes martensite 
from a viewpoint of intensity reservation. C is not [ intensity ] satisfied with less than 0.01%, and a 
martensitic phase is not formed. Since degradation of weldability is caused, it cannot be used as an 
industrial material, except that intensity goes up too much and ductility runs short, if it exceeds 0.3%. 
Therefore, the range of C in this invention is made into 0.01 to 0.3%, and is 0.03 to 0.15% preferably. 
Mn is an element which delays generation of carbide in the viewpoint of intensity reservation in 
addition to being added, and is an element effective in generation of a ferrite. Intensity is not satisfied 
with less than 0.1%, and it becomes insufficient forming Mn of a ferrite, and ductility deteriorates. 
[0010]Ductility runs short and it cannot be used as an industrial material except that a lot of 
martensite will generate, and will cause an intensity rise and the variation in a product will become 
large by this, since hardenability increases more than needed if Mn addition exceeds 3.3%. 
Therefore, the range of Mn in this invention was made into 0.1 to 3.3%. Although Si is an element 
which is usually added for ductile reservation in addition to adding in the viewpoint of intensity 
reservation, molten zinc plating nature will deteriorate by addition exceeding 0.2%. Therefore, 0.1% 
or less of the range of Si in this invention is desirable, when making it into 0.3% or less and thinking 
molten zinc plating nature as important further. P is added according to an intensity level required as 
an element which raises the intensity of a steel plate. However, local ductility is degraded in order to 
carry out a segregation to a grain community with many additions. Weldability is degraded. Therefore, 
P upper limit may be 0.06%. It is because it is connected with the cost hike at the time of refinement 
in a steel-manufacture stage that having made the minimum into 0.001% makes it decrease more. 
[001 1]S is an element which degrades local ductility and weldability by generating MnS, and is an 
element it is more desirable not to exist in steel. Therefore, a maximum is made into 0.01%. It is 
because it is connected with the cost hike at the time of refinement in a steel-manufacture stage that 
having made the minimum into 0.001% makes it decrease more like P. aluminum is the most 
important element in the system from a book, aluminum promotes generation of a ferrite by addition, 
and acts effective in the improvement in ductility, and also it is an element which does not degrade 
molten zinc plating nature by abundant addition, either. It acts also as a deoxidizing element. Even if 
it added aluminum too much on the other hand, in order that [ that 0.25% or more needs to be 
aluminum added in order to raise ductility ] the above-mentioned effect might be saturated and might 
embrittle steel on the contrary, it made the maximum 1.8%. Although N is an element contained 
unescapable, since its AIN precipitation amount increases and it not only degrades prescription 
nature, but it decreases the effect of aluminum addition when it contains in a large quantity not much, 
0.01% or less of its content is preferred. As for reducing N superfluously, since the cost like a 
steelworker increases, it is preferred to usually control to about 0.0005% or more. 
[0012]ln order to consider it as a high intensity steel plate, generally a lot of element addition is 
needed, and ferrite generation is controlled. For this reason, since the ferrite molar fraction of an 
organization decreases and the molar fraction of the 2nd phase increases, in DP steel of 980 or more 
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MPa, elongation falls rennarkably especially. Although many Si addition and Mn reduction are used for 
this innprovennent, since intensity reservation becomes difficult, in the steel plate nnade into the 
purpose of this invention, as for the fornner, nnolten zinc plating nature's deteriorating and the latter 
cannot be used, then, it found out that artificers can find out the effect of alunninunn as a result of 
inquiring wholeheartedly, they can secure sufficient ferrite nnolar fraction when it has alunninunn and Si 
which fill the relation of a fornnula (A), and TS balance, and the outstanding elongation could be 
secured. 

(0.001 2x [TS target value]-0.29-[Si])/1.45 -- < -- alunninum<1.5-3* [Si] ... (A) - here - [TS target value] 
-- the intensity designed value of a steel plate -- a unit - MPa. [Si] is mass [ of Si ] %. 
[001 3]lt is not enough in order to raise ductility, if aluminum addition will be (0.001 2x [TS target 
value]-0.29-[Si]) / less than [ 1.45 ], and if 1.5-3* [Si] is exceeded, molten zinc plating nature will get 
worse. The invention range of the molten zinc plating high intensity steel plate in this invention is 
shown in dravying 1. The reason for being characterized by the metal texture of this invention 
containing a ferrite and martensite is that it becomes the steel plate excellent in intensity ductility 
balance when taking such an organization. A ferrite here puts a polygonal ferrite and BEINE tick 
ferrite, and an effect does not change in the martensite which annealed at the temperature of 600 ** 
or less besides the martensite obtained by quenching usual in martensite. Since secondary 
elaboration brittleness and the delayed fracture characteristic will get worse if austenite remains 
during an organization, in this invention, 3% or less of retained austenite which exists unescapable is 
permitted, and retained austenite is not included substantially. V, Ti, and Nb may be added for the 
purpose of intensity reservation in V:0.01 to 0.1%, TI:0.01-0.2%, and Nb:0.005-0.05% of the range. 
[0014]Mo is an element which has an effect In Intensity reservation and hardenability. At 0.05% or 
less, strengthening of Mo cannot use the minimum addition, and also quenching performance 
peculiar to Mo is not demonstrated, and sufficient martensite is not formed, but it becomes insufficient 
strength. Since addition of excessive Mo controlled the ferrite generation in DP, and ductile 
degradation was caused and also molten zinc plating nature might be degraded, the maximum was 
made into 0.5%. Ca and REM are the purposes of inclusion control and a hole expanding 
improvement, and may be added in Ca:0.0005-0.005% and REM:0.0005-0.005% of the range. B may 
add in 8:0.0005 to 0.002% of range hardenability reservation and for the purpose of increase of 
effective aluminum by BN. 

[0015]Although there are Sn etc. as inevitable impurities, even if it contains these elements in the 
range below 0.01 mass %, for example, the effect of this invention is not spoiled. The reason for 
limitation of the manufacturing process of this invention is as follows. The raw material used by this 
invention is the hot rolled sheet steel manufactured through the usual hot-rolling process. These are 
obtained by passing through the heat history which is carried out or states pickling and cold-rolling to 
direct and the following as it is. In a molten zinc plating process, it anneals at the temperature of one 
or more Ac(s) and 3+100 ** or less of Ac(s). Less than [ this ], **** becomes uneven. On the other 
hand, in the temperature beyond this, since ferrite generation is controlled by big and rough-ization of 
austenite, degradation of elongation is caused. As for an economical point to annealing temperature, 
900 ** or less is desirable. Under the present circumstances, in order to cancel stratified ****, 30 
seconds or more need to be held, but even if it exceeds 30 minutes, an effect is saturated and 
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productivity also falls. Therefore, 30 or less minutes takes 30 seconds or nnore. Then, cooling 
finishing tennperature is nnade into the tennperature of 600 ** or less. If it exceeds 600 **, austenite will 
rennain easily and it will beconne easy to produce the problenn of secondary elaboration nature and 
delayed fracture. Even if this invention performs hole expansion property and tempering treatment 
600 ** or less aiming at a brittle improvement after this heat treatment, an effect does not change. 
[0016] 

[Example]Rolling-up heat treatment of hot-rolling was reproduced by manufacturing the steel which 
has the component composition shown in Table 1 and 2 with a vacuum melting furnace, reheating to 
1200 ** after cooling and solidification, performing finish rolling at 880 **, and holding at 600 ** after 
cooling for 1 hour, grinding removes a scale for the obtained hot-rolling board ~ 70% ~ it cold-rolled. 
After performing annealing for 770 **x 60 seconds, cooling to 350 ** using a continuous-annealing 
simulator after that and holding at the temperature for 10 to 600 seconds, it cooled to the room 
temperature further. The direction tension of L of the JIS No. 5 test piece for tensile test estimated 
tractive characteristics, and the product of TS(MPa) xEL (%) made the above good for 18000MPa%. 
The metal texture was observed with the optical microscope. A ferrite is the Nay Taal etching. 
Martensite was observed by REPERA etching. 

[0017]The case where performed molten zinc plating, checked the adhesion condition of plating 
visually, and it had adhered uniformly in the area beyond inner 90% of a plated surface by the molten 
zinc plating simulator after giving the same annealing conditions as the above was considered as 
fitness "O", and, as for plating performance, what has a defect selectively was made into "x." The 
steel plate by this invention can manufacture the high intensity steel plate which is excellent in molten 
zinc plating nature, and excels [ all ] in intensity and ductility balance so that it may accept from the 
result of Table 3 and 4. Plating evaluation is x or the value of TSxEL the comparative example from 
which the component range of Table 3 and 4 separates from the range of this invention, and the 
comparative example (CI, CJ) with which the range of aluminum is not satisfied of the (A) type, on the 
other hand, indicate intensity and ductility balance to be is less than [ 18000Mpa% ]. 
[0018] 
[Table 1] 
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18 0 






4? 


1240 


16.0 


19840 










48 


1222 


16.1 


19674 




M 


49 


1352 


15.4 








50 


1476 


13.5 


i9»2e 





[Table 4] 
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EL 


TS XEL 




51 


335 


33.2 


11122 


0 


52 


1623 


9.2 




0 


53 


985 


19.5 


19208 


X 


54 


865 


18.S 


18373 


9 


55 


1235 


10.2 


12597 


6 


58 


795 


2ai 


15680 




57 


SS7 


28.5 


msi 


0 


56 


557 


3M 


xm 


0 


59 


623 


28.1 




0 


80 


476 


37.9 


18040 


6 


6} 


508 


36.9 


18745 


0 


62 


551 


33.0 


IS183 


9 


63 


549 


33.1 


18172 


6 


64 


568 


32.5 


18460 


Q 


65 


582 


31.9 


18586 


0 


66 


591 


30.9 


18262 


c!) 


67 


§84 


31.2 


18221 


Q 


63 


605 


29J 


18090 


0 


69 


832 


30.1 


19023 


p 


70 


888 


28.7 


19746 


Q 


71 


D 


27.2 


18904 




72 


743 


24.8 


18426 




73 


812 


23.2 


18838 


0 


74 


825 


22,8 


iseic 


p 


75 


852 


21.5 


18318 


6 


76 


90S 


20.1 


18191 


0 


77 


899 


20.5 


18430 


0 


78 


934 


19.5 


18213 


p 


79 


1024 


18.2 


18637 


p 


«0 


1320 


14.9 


19668 


p 


81 


1400 


13.5 


18900 


p 


82 


965 


19.9 


13204 


0 


1 83 


1230 


15.8 


19434 


0 


T 84 


1220 


15.3 


18866 


P 


85 


1S20 


12:2 


18544 




mm 


?5( 


in 




0 


rw" 


898| 20:2 




X 



[0019] 

[Effect of the lnvention]By according to this invention, nnal^ing balance of Si, alunninunn, and Is into a 
specific range, and adjusting especially aluminum addition. In DP steel with low yield stress, a molten 
zinc plating high intensity steel plate excellent in the moldability which can secure the elongation 
more than the former, and a manufacturing method for the same can be realized on a scale of 
industrial, and an industrially useful remarkable effect is done so. 



[Translation done.] 
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